Prototheca zopfii is an achlorophyllic alga that is ubiquitous around cow sheds. The alga is associated with bovine mastitis, which causes a reduction in milk production and secretion of thin watery milk containing white flakes. Isolates of P. zopfii from bovine mastitis were almost all identified as P. zopfii genotype 2, suggesting that it is the main causative agent of bovine protothecal mastitis. The ability to differentiate between genotype 1 and genotype 2 is therefore very important for preventing bovine mastitis. In this study, high resolution melting real-time PCR（PCR-HRM）analysis of the protothecal 18S rDNA domain successfully differentiated between genotypes of P. zopfii in less than 3 hours, while conventional sequence analysis requires more than 48 hours to differentiate between genotypes. PCR-HRM analysis clustered P. zopfii genotype 1 isolates separately from P. zopfii genotype 2 isolates, indicating that this molecular typing method is an effective tool for rapidly diagnosing bovine protothecal mastitis.
Introduction
Prototheca zopfii is an achlorophyllic alga that is ubiquitous around cowsheds. The alga is associated with bovine mastitis, which causes a reduction of milk production and secretion of thin watery milk containing white flakes. Biochemical and serological tests have previously been used to characterize P. zopfii into a minimum of two genotypes, genotype 1 and genotype 2 1, 2） . Cases of bovine mastitis in Germany, Italy, Japan, Portugal and Poland were almost all attributed to infection by P. zopfii genotype 2, suggesting that this genotype is the main causative agent of bovine protothecal mastitis 1−7） . However, farm environmental isolates were identified as genotype 1. The ability to differentiate between genotypes 1 and 2 at the molecular level is therefore important for preventing bovine mastitis. However, the molecular assay that has conventionally been used to screen for P. zopfii sequences the rDNA domain of P. zopfii, which requires a minimum of 48 h to identify the genotype/to complete 5, 8, 9） . As a new method, the specific quantitative PCR system using a TaqMan MGB probe and Reso Light dye has been investigated for identification of P. zopfii genotypes 10） .
The availability of improved fluorescent DNAbinding dyes with highly predictable saturation properties has made it possible to precisely estimate sequence length by high resolution melting real-time PCR（PCR-HRM） 11, 12） . Recently, a rapid identification test based on the PCR-HRM assay successfully detected and identified bacteria and fungi to the level of species and genotype 13−15） . In this study, we attempted to differentiate Japanese isolates of P. zopfii genotypes using this new assay method.
Materials and methods
Type strains of P. zopfii genotype 1（SAG2063
T ） and genotype 2（SAG2021 T ） , 2 as well as 4 clinical isolates of P. zopfii genotype 2 from 4 cases of bovine mastitis in Holstein cows in Japan, and 4 isolates of genotype 1 from livestock in Japan were examined in this study（Table 1） . All of the isolates had been identified in a previous report 9） . The isolates were cultured on yeast and mold agar（3% yeast extract, 3% malt extract, 5% peptone, 10% glucose and 2% agar）at 27℃ for 3 days before being collected by scraping and suspended in lysis buffer（1 mg/ml of zymolyase-100T （Takara Bio Co., Kyoto, Japan） , 0.1 mM EDTA, 1% sodium dodecyl sulfate, 10 mM Tris hydrochloride（pH 8. 0） , 0. 3% 2-mercaptoethanol）at 37℃ for 14 h. High-molecular-weight DNA was obtained by standard phenol-chloroform extraction of the lysed suspensions 13 followed by ethanol precipitation. After washing with 70% ethanol, the airdried DNA samples were each dissolved in 50μl pure distilled water and stored until further analysis.
The forward primer used for 18S rDNA amplification was the Proto 18S-4F（5 -GACATGGCG AGGATTGACAGA-3 ） designed by Roesler et al.
2） .
The reverse primer was Proto 18S-4R-1（5 -ATCA CAGACCTGTTATC-3 147-163 bp: GenBank Accession No. AB758653） , which was designed based on previously reported sequences 9） . The primers successfully amplified an amplicon of approximately 250 bp from each genotype. Since the amplicons from the genotypes differed at 2 nucleotides, they were then targeted by PCR-HRM.
The real-time PCR reaction volume（25μl）con-tained 12. 5μl Type-it HRM PCR Kit master mix （Qiagen, Valencia, CA） , 1. 75μl forward and reverse primers（10μM） , 8μl nuclease-free water and 1μl of extracted DNA. Each reaction was set up in 0.2 ml PCR tubes and processed on a RotorGene Q real-time PCR cycler（Qiagen） . Negative control reactions without any DNA template were included in each PCR run. The parameters used for the PCR were 45 cycles of template denaturation at 95℃ for 10 sec, primer annealing at 55℃ for 30 sec and polymerization at 72℃ for 17 sec; the thermal profile was recommended by Qiagen technical support. After PCR amplification, melt curves for the products were generated by heating at 0.1℃ increments at a rate of 2 sec/step over a temperature range of 65℃ to 95℃. All of the reactions were performed in triplicate（i.e. a total of 10 samples x 3 replicates） .
The Rotor-Gene Q series software 2.0.2 （Qiagen） was used to examine the results. Briefly, following normalization of the raw data, the fluorescence signal intensity was plotted on the y-axis and the temperature was plotted on the x-axis. The melting temperature（Tm）for the amplified products indicated that the amplicons of the samples were dissociated into single-strand DNA, which was visualized as described for fluorescence SYBR Green dye releasing from double-strand DNA. Using the Rotor Gene Q s HRM functions, the P. zopfii genotypes were then differentiated by analyzing the protothecal 18S rDNA domain 9） . The PCR amplification was visualized using the RotorGene series software（Qiagen） . Briefly, using 45 three-step cycles for each sample, the cycle threshold（Ct）of each sample was determined by establishing an arbitrary threshold of fluorescence detection（between 0. 7-0. 8 normalized fluorescence units）The Cts for all isolates including the type strains were between 22-25. Differences in the signal-to-noise ratios of all samples were then compared to those obtained for the type strains of P. zopfii genotype 1 and genotype 2.
Results
The resulting difference plots for the protothecal 18S rDNA domain are shown in Fig. 1 . The P. zopfii genotype 1 isolates clustered separately from the 4 P. zopfii genotype 2 isolates, with each cluster corresponding to the type strain of P. zopfii genotype 1 or genotype 2, respectively. Moreover, the 50% fluorescence intensity value of 5 strains belonging to genotype 1 was 87.86℃ and that of 5 strains belonging to genotype 2 was 87. 46℃（Fig. 2） . These results imply that the GC contents of the samples would likely be related to the slight differences between genotype 1 and genotype 2.
Discussion
In this study, HRM analysis successfully differentiated between different P. zopfii genotypes within 3 h, while conventional sequence analysis would have required more than 48 h to perform the same task. In addition, using the Rotor-Gene Q HRM system, 72 samples can be analyzed in one run. Ricchi et al. Statistical significance（p ＜ 0. 01）was determined using Student s t-test. All amplification reactions were performed in triplicate（10 samples × 3 replicates）Y-axis indicates temperature.
identify this species and to differentiate between genotypes of P. zopfii using various strains 16） . In this study, we a double-checked the PCR-HRM method for differentiating between the 2 genotypes using type strains and clinical isolates from Japan. This new molecular typing method is a useful tool for diagnosing bovine protothecal mastitis more rapidly than would be possible using the conventional PCR-sequencing method.
